INTRODUCTION
A correctly performed cementing job in a borehole depends on the design of the borehole, geologic-reservoir conditions, technical-technological conditions in the boreholes, cementing job itself and also the quality and composition of the applied cement slurry.
More and more attention is nowadays paid to the quality and durability of the applied cement slurries. Apart from appropriate rheological, technological and strength parameters, the slurry should be resistant to the strongly mineralized reservoir waters.
Among the most important criteria of durability of cement slurries applied with the borehole injection methods are [1, 4, [6] [7] [8] 12] :
-appropriate phase composition of hardened cement slurry, i.e.:
• possibly lowest portlandite (Ca(OH) 2 ) content, • low in aluminate (C 3 A) phase, • highest possible content of calcium silicate (C-S-H phase), -microstructure of minimum permeability.
Porous and permeable microstructure of hardened cement slurries is directly responsible for the diff usion of aggressive ions inside the cement sheath. Appropriate phase composition of cement slurries, especially high CSH content is responsible for the change of pore structure in the cement slurry; the number of fi ne gel pores which are not available for the fl uid increases and the number of capillary pores responsible for the transport of corrosive factors inside the cement slurry decreases [2] .
The use of nanosilica as an additive improving the properties of cement slurries has recently gained popularity. The analysis of literature data reveals that the following factors advantageously infl uence the microstructure of hardened cement slurries [5] :
-well dispersed nano particles which increase the viscosity of the liquid phase, and so the stability of the dispersion, -microstructure of lowest possible porosity and lowest possible participation of continuous capillary pores, -nano particles fi ll the empty spaces between cement grains as a result of 'free' water immobilization ('fi ller' eff ect), -nano particles favor the formation of amorphous gel C-S-H which has an ordered structure, -nano-SiO 2 participates in the pozzolanic reactions, resulting in the consumption of Ca(OH) 2 and formation of an 'additional' C-S-H, -nano particles improve the structure of the aggregates' contact zone, resulting in a better bond between aggregates and cement paste.
Bearing in mind these properties of nSiO 2 , there were conducted laboratory experiments on the use of organic nanosilica for cement slurries based on Portland cement CEM I 52.5 R.
CHARACTERISTIC OF RESEARCH MATERIAL
The hydraulic binder used for the slurries was Portland cement CEM I 52.5 R from Cement Plant 'Rejowiec' (59% Portland clinker and 5% accessory components). Organic nanosilica products Protectosil WS 808 and Protectosil 851 by Evonic Degussa Polska Sp. z o. o. were used as additives. Their properties are given in Table 1 .
Protectosil WS 808 Oligomeric propyl siliconate/silicate concentrate as water repellent and consolidant for mineral substrates. Clear colorless liquid, approx. 55% active ingredient, water-based, VOC-free, non-fl ammable.
Protectosil 851 a blend based on polyvinyl alcohol and silane. White, odor-free powder, water-soluble. 
RESEARCH METHODICS
The laboratory experiments were aimed at evaluating the infl uence of organic nanosilica on technological and rheological parameters of fresh and hardened cement slurries, their microstructure and phase composition and also permeability of the analyzed slurries. Network water was used as working fl uid. The water-cement ratios for the analyzed slurries were; 0.5 and 0.6. nanosilica introduced to the Portland cement in 0.5 wt.% and 1.0 wt.% of dry cement. The temperature of cement and working fl uid used for the experiments was 20°C (±2°C). The recipes of the analyzed cement slurries are presented in Table 2 . The laboratory measurements of technologically fresh and hardened cement slurries were conducted on the basis of the following standards:
- The laboratory analyses were performed for the following parameters: -for fresh cement slurries:
• density -with the use of Baroid weight, • sedimentation with the use of measuring cylinder, • fi ltration with the use of Baroid fi ltration press, • rheological parameters with the use of Chan 35 API Viscometer, • time of binding with the use of Vicat apparatus, -for hardened cement slurries:
• compressive and bending strength after 7, 14, 21 and 28 days of storing in wet conditions at a temperature of 20°C (±2°C).
Additional analyses were performed, i.e. measurement of permeability of hardened cement slurries and microstructural analysis of slurries maturing in naturally wet conditions at a temperature of 20°C (±2°C).
The permeability of cement slurries was analyzed according to the method described in the paper [3] .
The quantity of fi ltered diff erence of pressures, according to Darcy law:
After transforming the equation we can calculate the fi ltration coeffi cient from: The temperature of the test was 20°C, whereas the diff erence of pressures for each sample was 5 MPa. The measurement time equaled to 2 hrs.
The microstructural analysis of hardened cement slurries was performed with the use of Nova NanoSEM 200 equipped with a unit for elemental analysis in microareas (SEM-EDS) EDAX. The samples were covered with carbon and analyzed in high vacuum conditions. Magnifi cation of 100÷10,000× was used during observations. The elemental analysis in microareas allows for identifying chemical composition of samples at a given point.
RESULTS OF EXPERIMENTS AND DISCUSSION

Technological parameters of cement slurries with organic nanosilica additives
The results of analyses of technological parameters of fresh cement slurries are presented in Table 3 .
The analysis of the obtained results reveals that nanosilica additives stabilize mineral dispersive systems, i.e. cement slurries, concurrently limiting their fi ltration, which seems particularly useful when sealing the rock mass. At the same time the addition of 1.0 wt.% of Protectosil WS 808 reduces fi ltration much more eff ectively.
Plots The data presented in Figures 1-2 show that the addition of organic nanosilica delays the hydration of cement, which manifests itself in elongated time of bonding of cement slurries based on Portland cement. The addition of 1.0 wt.% of Protectosil 851 reduces fi ltration most eff ectively. The time of bonding for cement w/c = 0.6 containing 1 wt.% of Protectosil 851 was elongated by 1 h 45 minutes as compared to the reference slurry of the same w/c ratio (Fig. 2) . The bonding time of cement slurries containing Protectosil WS 808 was the same, regardless the w/c ratio and equaled to 1 h 30 minutes for a slurry containing 0.5 wt.% of Protectosil WS 808 and 2 hrs for slurries containing 1 wt.% of Protectosil WS 808.
Rheological parameters of cement slurries containing organic nanosilica
Calculation of rheological parameters and selection of rheological model of analyzed cement slurries were performed on the basis of a numerical program Rheo Solution [9] [10] [11] .
The results illustrating the infl uence of nanosilica on rheological properties of the cement slurries based on Portland cement CEM I 52.5 R with organic nanosilica admixtures are presented in Table 4 . The analysis of the calculated values of correlation coeffi cient for particular cement slurries reveal that all analyzed cement slurries have properties of shear-diluted non-Newtonian fl uids, described with the Herschel-Bulkley model (Tab. 4). Organic nanosilica do not change the character of fl ow of the analyzed cement slurry.
The addition of organic nanosilica causes that gel structures are formed in the analyzed slurries under the infl uence of operation of hydrogen bondings. However, these structures are not durable and can be easily destroyed under the infl uence of the shear rate. In the low shear rate range the apparent viscosity of cement slurry containing organic nanosilica is higher. Higher shear rates make the apparent viscosities of cement slurries practically equal, which is important from the point of view of slurry pumpability.
Strength parameters of hardened cement slurries containing organic nanosilica
The plots illustrating the infl uence of Protectosil WS 808 and Protectosil 851 on the strength parameters of cement slurries based on Portland cement CEM I 52.5 R and network water are presented in Figures 3-6 . The analyzed reference slurries (no additives) have high early strength (after 7 days). This eff ect is connected with the properties of Portland cement. The addition of a solution of organic silica (Protectosil WS 808) results in the lowering of strength parameters at the initial stage of maturation of the slurry. After 28 days the strength parameters are on a slightly higher level than the reference one. After adding Protectosil 851 to the cement slurry the compressive strength increases after 28 days but also decreases the bending strength after 28 days as compared to the reference slurry. 
Analysis of permeability of fl uids with organic nanosilica
The results of analyses of permeability of hardened slurries at w/c 0.5 and 0.6 with Protectosil WS 808 and Protectosil 851 are presented in Figures 7-8 . The analysis of the data presented in Figures 7-8 reveals that the biggest permeability can be observed for reference slurries (no additives). The addition of organic nanosilica lowers down the permeability. This eff ect is most prominent after Protectosil WS 808 is added. For a slurry with w/c = 0.5 containing 1 wt.% of Protectosil WS 808 the permeability decreases by over 60%.
Microstructural analysis of hardened cement slurries with organic nanosilica
The microstructural and elemental analysis in microareas of hardened cement slurries having w/c = 0.5 with and without admixtures of 0.5 wt.% of Protectosil WS 808 and 0.5 wt.% of Protectosil 851 are presented in Figures 9-11 .
The results of microstructural analyses of analyzed cement slurries show that the addition of organic nanosilica, especially Protectosil WS 808 aff ects the formation of additional amount of C-S-H phase. The produced structures of hardened cement slurries containing organic nanosilica have better crystallized form of C-S-H than in the case of hardened slurries without additives. In the case of a slurry without organic silica additives the C-S-H phase has a colloidal form and forms intergrowths with portlandite and its carbonation.
The microstructural analysis confi rms the results of permeability tests, i.e. the porosity decreases with the growth of organic silica compounds, as can be seen on the SEM images. 
CONCLUSIONS
Organic nanosilica compounds Protectosil WS 808 and Protectosil 851 generate additional quantities of C-S-H phase. The microstructural analyses (SEM) of hardened cement slurries with above mentioned additives show that they have defi nitely less pores and cracks than the reference slurries.
The permeability analyses of cement slurry containing organic nanosilica additives show that the analyzed structures of hardened cement slurries is considerably sealed. The addition of 1 wt.% of Protectosil WS 808 lowers the permeability of cement slurry by about 60%.
Organic nanosilica Protectosil WS 808 and Protectosil 851 are compatible and are easily homogenized with cement slurries. Moreover they limit fi ltration and sedimentation of fresh cement slurries.
The analyzed nanosilica Protectosil WS 808 and Protectosil 851 play the joint function of fi llers, dispersants, puzzolanic additives. Thanks to them cement slurries gain a hydropobic character.
The sealing technologies can be oriented to nano-slurries with emphasis on nanosilica as additives.
